During the cooking of food, heterocyclic aromatic amines are formed which are mutagenic in the Ames Salmonella typhimurium mutagenicity assay [ 11. One such chemical, 2-amino-3,8-dimethylimidazo[4,5-flquinoxaline (MeIQx) is an extremely potent promutagen [2] and a rodent carcinogen [3] . Metabolic activation of MelQx is prerequisite for its genotoxicity [2] . Activation is efficiently catalysed by the hepatic cytochrome P-450 isoenzyme P4501A2 [4] . Since feeding MelUx to rodents produces hepatic and extrahepatic tumours, we considered the possibility that alternatives to the hepatic cytochrome P-450 activation mechanism may operate in extrahepatic tissue.
An important function of the neutrophil is the destruction of pathogenic micro-organisms and irritating particles. This it achieves by phagocytosing the offending irritant and bombardment with reactive oxygen species and digestive enzymes [5] . At the time of phagocytosis neutrophils undergo metabolic changes known as the respiratory burst, characterized by an increase in oxygen consumption, increased activity of the hexose monophosphate shunt and concomitant production of superoxide and other activated oxygen species [5] . At sites of ongoing inflammation, neutrophils actively undergo respiratory burst. The resulting chronic exposure to reactive oxygen species can inflict severe damage, including genotoxicity, to surrounding tissue [6] . It is therefore no surprise to find an increased risk to tumour formation at sites of ongoing inflammation, for example the high incidence of colonic adenocarcinoma associated with ulcerative colitis [7] . Since a number of aromatic amines are activated to reactive derivatives in extrahepatic tissues by cytochrome P450-independent one-electron and freeradical mechanisms, we have examined the ability of neutrophils to activate MelQx.
Purified human neutrophils were obtained using the Percoll gradient method of Haslett et al. [S] . Incubations in Hanks' balanced salt solution (HBSS) were performed with either freshly isolated cells (resting neutrophils) or cells encouraged to undergo respiratory burst (stimulated neutrophils) by treatment with phorbol 12-myristate 13-acetate (PMA, 16 mM). Cell viability was assessed by Trypan Blue exclusion. Production of superoxide anion was determined as the superoxide dismutase-inhibitable reduction of ferricytochrome c [9] . Neutrophil-mediated activation of MeIQx to electrophilic derivatives was investigated by incubation of cells (10' cells/ml) with ['4C]MelQx (0.24 mM) for various times at 37°C in HBSS and determining covalent binding to macromolecules [lo] . In some experiments, exogenous DNA (calf thymus DNA, 2 mglml), catalase (8000 units/ml), the myeloperoxidase enzyme inhibitor azide (10 mM) or the hydroxyl radical scavenger dimethylsulphoxide (DMSO, 50 mM) were added to the incubation mixtures. Radioactivity covalently bound to DNA was determined using the method described by Trush et al. [ 1 11 .
Basal superoxide anion release from freshly isolated resting neutrophils was low (1.03 f 0 . The results of the present study show that human neutrophils can activate MelQx to electrophilic derivatives, the activation dependent on the cells being stimulated to undergo respiratory burst. Azide inhibition of myeloperoxidase, indicated that this enzyme appears to reduce neutrophil mediated covalent binding of MeIQx to DNA. Normal activity of myeloperoxidase requires hydrogen peroxide substrate, therefore inhibition spares hydrogen peroxide. A role for peroxide and hydroxyl radical activation of MeIQx is supported by catalase and dimethyl sulphoxide inhibition of covalent binding.
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It is generally acknowledged that inflammation can play an influential role in the development of neoplasia and carcinogenesis [ I], although the underlying mechanisms are not clearly understood. It has been proposed that the generation of reactive oxygen species at sites of ongoing inflammation is one mechanism whereby tumorigenesis can be initiated [2] .
In response to appropriate stimuli, cells involved in the inflammatory response generate reactive oxygen species such as superoxide anion and hydroxyl radical, the purpose of which is to aid neutralization and destruction of sources of irritation or host invasion (e.g. bacteria). Unfortunately, these same mechanisms of defence can cause damage to host biomolecules, including DNA, leading to chromosomal abnormalities [2] . In addition to a direct effect on biomolecules, reactive oxygen species have also been shown to have the ability to activate some progenotoxic chemicals, for example, polycyclic aromatic hydrocarbons [3] , to cause DNA damage.
A number of aromatic amines are procarcinogens which require metabolic activation of the amine moiety, a reaction predominantly catalysed by hepatic cytochrome 1'-450 [4] . The tumorigenic sites of several aromatic amines are however, extrahepatic. The discovery that extrahepatic peroxidase enzymes (e.g. prostaglandin synthase) can activate a number of aromatic amines has offered one explanation for this [S]. Several heterocyclic amines found in food have been shown to be extremely potent mutagens [6] , for example.
2-amino-3,8-dimethylimidazo[4,5-flquinoxaline
(MeIQx), a carcinogen [7] formed in cooked food at the part per billion level [8] . We have shown that metabolism of MclQx to genotoxic derivatives is efficiently catalysed by liver cytochrome P450IA2 isoenzyme [9] , and, in addition, human neutrophils can activate MeIQx to reactive derivatives, the activation being dependent on the cells being stimulated to undergo respiratory burst [ 101. To further examine this novel latter mechanism of MelQx activation, and to determine whether other phagocytic cell types can accomplish these reactions, we have attempted to develop an animal model.
Carrageenin-induced pleurisy in rats was used as a means of harvesting inflammatory cells [ 111. This model of acute inflammation results in recruitment of neutrophils, monocytes and macrophages in the pleural cavity. Pleural washings yielded cell suspensions comprising at least 70% monocytes/ macrophages and 25% neutrophils. Incubations were and bovine serum albumin (1 mg/ml I for various times at 37°C. by covalent binding to protein.
In some experiments, cells ( 2 x 10' cells/ml) were incubated with MelQx (0.24 mM) for various times and the supernatant was examined for mutagenic products using a modification of the Ames Salmonella typhimurium TAM mutagenicity assay [ 131. Inflammatory cells stimulated with PMA responded by producing superoxide anion, demonstrating the onset of respiratory burst phenomenon (5.7 and 30.1 nmol of superoxide anion/l0 min per 10' cells, for resting and stimulated cells, respectively). Incubation of resting cells with [14C]MelQx resulted in low levels of radioactivity being covalently bound to cellular nucleophiles. When the cells were treated with PMA, the level of covalent binding was substantially increased in a time-dependent manner. Examination of incubates for the presence of mutagenic moieties revealed that considerably more mutagenic material was formed after cells were stimulated with PMA. Whether the increase in bacterial mutagenicity after PMA stimulation is due to MeIQx derivatives and/or superoxide anion is unclear at present.
These data demonstrate the ability of phagocytic cells derived from rat pleural cavity to activate the potent cooked food mutagen and carcinogen MeIQx. Together with the observation that human neutrophils are capable of activating MelQx to electrophilic species [ 101, the present studies provide evidence for cytochrome 1'-450-independent extrahepatic activation of carcinogenic heterocyclic amines.
